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1. INTRODUCTION 
1.1 PURPOSE 
The purpose o f  t h i s  paper i s  t o  docunent the appl icat ion and 
evaluation of a masking technique as a feasible a l ternat ive t o  ground 
t r u t h  information f o r  separating nat ive vegetation* from crop1 and. 
1.2 SCOPE 
-
The scope o f  t h i s  document i s  p r imar i l y  concerned with descript ion o f  
the approach which includes the data set, masking technique, and analysis 
methods and explanation o f  the resu l ts  which includes the masking 
accuracy, e r ro r  eval uation and t ime-prof i l e  canpari sons. 
BACKGROUND 
The Early Warning/Crop Condition Assessment (EW/CCA) Research Project, i n  
support o f  FASjCrop Condition Assessment Division, i s  charged wi th developing 
and tes t ing  remote sensing techniques t o  make possible or  t o  enhance 
operational methodologies f o r  crop condit ion assessment (AgRISTARS Program 
Management Group). 
I n  response t o  the overal l  object ive o f  t h i s  project,  a task e n t i t l e d  
Native Vegetation as an Indicator o f  Crop Moisture Condition was defined. The 
masking technique addressed i n  t h i s  report i s  an in tegra l  part  o f  the 
precedi ng task. For approximately f i v e  years, USOA Foreign Agricul t u r a l  
Service, Foreign Crop Condition Assessment Division, has been u t i  1 i z i  ng the 
masking technique i n  t h e i r  e f f o r t s  t o  produce an estimate o f  crop condit ion i n  
foreign areas. The masking technique i s  a r e l a t i v e l y  fas t  method f o r  
fdent i fy ing an area o r  crop of in te res t  w i th in  a LANDSAT MSS scene [Ashburn 
(1981)l. This technique i s  especial ly well adapted f o r  use by the remote 
sensing analysts i n  an in te rac t ive  canputer operation si tuat ion. 
*Native vegetation fs defined as rangelands, pastures, and grasslands i n  t h i s  
study o f  the Great Plains. 
2. APPLICATION AND EVALUATION 
2.1 APPROACH 
2.1.1 RESEARCH DATA SET 
The research data set consist ing o f  th i r teen 5x6 naut ical  mi le  sample 
segments o f  Landsat MSS data was s s l e c t ~ d  based on requirements establihsed 
f o r  the overal l  task - Native Vegetation as an Indicator o f  Crop Moisture 
Condition. The process comnenced with a review o f  over 200 United States 
Great P l  a i  ns segments from the Large Area Crop Inventory Experiment (LACIE) 
data set. 
Figure 1 i l l u s t r a t e s  the de ta i l s  o f  the data set select ion process. 
Segments were eval uated based on the avai l  ab i l  i t y  o f  consecutive years o f  data 
and adequate growing season acquis i t ion h i  stor ies. The f i n a l  steps i n c l  uded 
examining aer ia l  photography and p lot ted maps i n  order t o  obtain as much 
inter-segment d i ve rs i t y  as possible i n  the study area. 
A b r i e f  descript ion o f  the research data set i s  provided i n  Table 1 and 
the locations of the selected segments are shown on Figure 2. 
The fol lowing data products were assembled f o r  each o f  the th i r t een  
segments i nc l  uded i n  t h i s  task data set: 
1. Disk f i l e s  o f  the mu1 t i spec t ra l  four channel image data. 
2. Production f i l m  converter (PFC) Product 1 (color  I R  composite o f  
MSS bands 4, 5, and 7 )  f o r  each acquisit ion. 
3. Color in f rared photography a t  an ,pproximate scale o f  1:24 000 
accompanied by two Gerber p lo ts  (d ig i t i zed  f ie ld lc rop  overlay), 
one scaled t o  the photography and the other t o  the Product 1. 
4. A disk version o f  the universal ground t r u t h  tape (UGTT) o f  the 
d ig i t i zed  ground t r u t h  inventory. 
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5 USGS (Urrited States Seologic Survey)maps a t  a s c a l e o f  
1:250 000 wi th the! qpn ro~ r ia te  segment plotted. 
6. Other pertinent anc i l l a r y  data such as crop s ta t i s t i cs ,  cu l t i va -  
t i o n  practices, crop calendars, geographic descript ions, and 
so i l s  data. 
2.1.2 MSKING TECHNIQUE 
Masking was accmplfshed on a DEC PDP 11/70 computer system under the 
Interact ive Appl i ca t i on  System (IAS) operating system using the Crop 
Condition Assessment processor ( CCk) . 
The masking technique developed by FASIFCCAD [Ashburn (1979)l i s  
based on a single MSS acquis i t ion that  displays separabil i t y  between 
nat ive vegetation and cropland. A1 so, the assumption has been made tha t  
the cropland t o  nat ive vegetation area r a t i o  as del ineated by the mask i s  
s ta t ic ,  r e l a t i v e l y  unchanged from year t o  year, and therefore, w i l l  be 
3ppl icable f o r  mu1 t i p l e  acquisi t ions and years. 
The Ashburn Vegetative Index (2 t3mes Landsat Band 7 minus Band 5) i s  
used i n  mask creat ion because i t  i s  the primary V I  used by FCCAD i n  
operational masking. Aaronson, Davis and May (1979) concl uded tha t  the 
vegetative indices - A V I ,  DV I ,  GV I ,  K V I ,  LAI, P V I  and T V I  - were h igh ly  
correlated. Lautenschl ager and Perry (1981) used variable c lus ter ing  and 
functional equivalence techniques t o  a r r i ve  a t  the sawe concl us1 ons. 
The prtrcedure followed i n  masking nat ive vegetation i s  l i s t e d  below: 
1. Using crop calendar information t o  establ fsh nat ive vegetation 
and crop1 and separabil i t y ,  select an hage acquis i t ion date. 
2. Display the selected color  I R  image acquis i t ion date (Product 1) 
on the CCA's primary image display screen and t ransfer  the image 
t o  the secondary screen. 
3. Create a gray scale A V I  image o f  tCIe acquis i t ion on the primary 
screen. 
4. Analyze the color  I R  image. Visual ly  canpare the co lo r  I R  image 
and the gray scale A V I  image. Hore than one color  I R  image may 
be analyzed i n  order t o  establ i sh  the area o f  interest.  
5. Using an alarm process available i n  IMDACS, establ i sh  a range o f  
A V I  values f o r  the area of in te res t  (nat ive vegetation). 
6. Using the A V I  values, create a black and white imane, a mask, 
for the area o f  in terest .  
KTHODS , RESULTS AND DISCUSSION 
The accuracies of the masks were determined by comparing each segment 
mask t o  the segnent d ig i t i zed  ground t ruth.  A masklground t r u t h  comparison 
map i s  shown i n  Figure 3. Accuracy proportion s t a t i s t i c s  were canputed and 
output i n  table format. A sumnation of these s t a t i s t i c s  appears i n  Appendix A. 
The ground t r u t h  i s  d ig i t i zed  t o  the sub-pixel level. There are s i x  
ground t r u t h  sub-pixels for every Landsat pixel .  Accuracy s t a t i s t i c s  were 
canputed at three levels  based on the ground t r u t h  sub-pixel. The ground 
t r u t h  label f o r  the a l l -p ixe l  level,  which t o t a l s  22,932 pixels,  was 
determined by major i ty  ru le  or  the f i r s t  p ixe l  encountered basis [McIntyre 
(1982)l. The pure p ixe l  s t a t i s t i c s  were canputed on those p ixe ls  wi th s i x  o f  
s i x  sub-pixels i n  crop code agreement. An overview of the data wi th a 
breakdown o f  masklground t r u t h  agreements t o  the sub-pixel level  was also 
generated. 
The proportion o f  p ixe ls  i n  agreement ranged from .82 t o  .68 fo r  a l l  
p ixe ls  i n  the scene, -86 t o  -69 f o r  a l l  pure p ixe ls  i n  the scene, and -83 t o  
-41 f o r  range ground t r u t h  pure pixels. Eight o f  the th i r teen segments were 
undernasked. If the user i s  interested i n  p ixe l  f o r  p ixe l  accuracy, the mask, 
judging from these s ta t i s t i cs ,  i s  not a feasible al ternat ive. 
Therefore, another approach was undertaken t o  evaluate the mask. I n  
addit ion t o  the detai led sumnary s t a t i s t i c s  given i n  Appendix A, three 
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Figure 3: Partial Ground TruthIMask Comparison ?lap, Segment 1266 
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di f ferent  procedures were used t o  rank the th i r teen segments for overal l  mask 
qual i t y .  These are described below. 
1. Professional judgment o f  mask qual i t y :  the analyst, without knowledge 
o f  the next two procedures, ranked the segnents according t o  overa l l  
mask qual i t y  from best t o  worst. The analyst rankings are l isted i n  
column 1 o f  Table 2. 
2. Kendall's tau computed on agreement-disagreement o f  mask and ground 
t ruth:  the tau coef f i c ien t  proposed by Kendall (1948, 1955) i s  a 
measure o f  the extent o f  agreement between judges (mask and ground 
t ruth) .  
'agreenig_"; saqree 
T = 
'a ree 'disa ree 
= n+ - 
From the l a s t  expression, one sees that  tau can be thought of as the 
proportion o f  agreements minus the proportion o f  disagreements 
between the two rankings. Perfect agreement corresponds t o  a tau of 
1; perfect disagreement corresponds t o  a tau o f  -1, Lindeman (1980). 
The canputed tau values for each segment and t h e i r  respective 
rankings based on them are given i n  colunns 2 and 3 o f  Table 2. 
3. Fisher ranking in fomat ion :  t h i s  method provides a "measure" of the 
r e l a t i v e  amount o f  information i n  the mask labels versus the ground 
t ru th  labels which i s  available f o r  estimating the range proportion 
I1 I1 P 
where 
p = t rw proportion o f  range, 
u = probab i l i t y  o f  masking range as range, and 
6 = probabil i t y  o f  masking non-range as non-range 
The quant i ty S(p, a , B  ) i s  between zero and one. It provides a mea- 
sure o f  the information loss induced by the uncertainty i n  the mask 
labels. For example, S(p, a ,  8 ) = 0.42 txeans on the average there i s  only 
42% as much information i n  a mask label avai lable f o r  estimating the range 
proportion "p" as there i s  i n  a ground t r u t h  label. For a discussion o f  
Fisher informarion i n  t h i s  context see Perry (1981). The r e l a t i v e  Fisher 
information i n  the segment masks and the induced rankings are given i n  
colunns 4 and 5 o f  Table 2. 
By canparing colunns 1, 3, and 5 o f  Table 2, one observes tha t  there 
i s  substantial agreement about mask qua1 i t y  as judged by the three proce- 
dures. The analyst professional judgment agrees wi th the tau ranking ex- 
cept f o r  one inversion (the ordering o f  segments 1059 and 15%). There i s  
less agreement between the analyst-Fisher and Fisher-tau rankings, but 
even i n  these pairs, the basic ordering i s  generally the same. Our sub- 
j ec t i ve  evaluation tha t  the three procedures are s im i l a r  i s  confirmed by 
t rea t i ng  each o f  three ranking systems as judges and canputing Kendall's 
tau coefficient for each pa i r  of rankings. The t o t a l  number o f  agree- 
ments, tau, and the signif icance level f o r  tau i s  given f o r  each p a i r  i n  
Table 3. From the sample s t a t i s t i c s  one concludes tha t  the ranking o f  the 
mask qua l i t y  in each pa i r  are s ign i f i can t l y  related. Given the tau  and 
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signif icance level associated with the analyst-tau ranking systems (0.97 
and 0.0001), i t  would appear that  the information the analyst i s  subjec- 
t i v e l y  considering when judging mask qua1 i t y  i s  the same information num- 
e r i c a l i y  captured by the tau ranking procedure. If t h i s  i s  i n  fact  t rue, 
one concludes tha t  the analyst 's rankings are pr imar i l y  based on the 
agreement-di~agreement of mask versus ground t r u t h  as t h i s  i s  the only 
information used i n  computing the tau value f o r  a segment mask. 
2.2.2 ERROR EVALUATION 
The causes o r  types o f  masking errors were evaluated by an analyst 
using the mask acquis i t ion date PFC Product 1, the aer ia l  photography, 
both Gerber plots,  gray-scale ground t r u t h  map, the masklground t r u t h  
canparison maps and other Product 1 acquis i t ion dates necessary for image 
analysis. Types o f  errors were categorized, analyzed, and tabu1 ated. 
Proportions were canputed f o r  each category based on the t o t a l  number o f  
disagreements between the ground t r u t h  and the mask f o r  pure pixels. 
Table 4 sumnarizes the proportions o f  errors i n  each category. 
I n  considering the errors of omission (ground t r u t h  range not masked 
as range), the greatest proportion o f  the er ror  was i n  the sparse 
vegetation (low density) category followed by the lush vegetation 
category. The A V I  values f o r  the p ixe ls  i n  these two categories f e l l  
outside the selected range o f  A V I  values f o r  the range masks. I n  many 
cases, areas o f  ground t r u t h  range were not vegetated and A V I  processing 
as desicned d id not include them i n  the mask. Lush vegetation occurred 
along drainage ways and i n  improved grasslands. Including these areas i n  
the mask would have increased the commission er ror  (ground t r u t h  non-range 
masked a:; range) since increasing the A V I  value range would have masked 
other non-range areas as w e l l .  
r'!elds with weeds o r  emerging vegetation were general l y  masked as 
range and were a leading cause of errors o f  comnission. Senescent vege- 
t a t i  on, ( turning vegetation wi th low greenness) presented a confusion 
p rob lm i n  four winter wheat segments-1059, 1583, 1596, and 1755. A l fa l fa  
and hay were confusion crops tha t  were masked as range i n  segments 1661, 
1686, 1694, and 1755. F ie ld  boundaries where grass grows along a fence 

1 ine were a1 so masked as range, but were considered errors o f  comnission. 
The mask i n  t h i s  case was performing accurately and as expected. 
These exanples o f  error-type def ine the central  cause o f  masking 
inadequacy f o r  absol ute c lass i f icat ion:  no vegetation-type can be 
expected t o  possess a unique V I N  range. Quantative in te rpre ta t ion  o f  
LANDSAT MSS data has been checked by variat ions, both w i th in  scenes over 
time and between scenes. These var iat ions may be produced by atmospheric 
processes as referenced by Cate (February 1980) or by physical parameters 
such as moisture content, row di rect ion,  so i l  background, shadows, and 
wind as sumnarized i n  a l i t e r a t u r e  review by Cate (January 1980). On most 
of the segnents, the analyst questioned sane o f  the ground t r u t h  inventory 
or  the ground t r u t h  regis t rat ion.  Many o f  the segments had areas tha t  
were unident i f ied or  undefined which may have been cor rec t ly  masked range 
but due t o  the ground t r u t h  inadequacies were considered i n  error. 
Eva1 uation o f  the types of errors leads t o  the assumption tha t  the 
masking technique performed r e l a t i v e l y  w e l l .  The ground t r u t h  represents 
a d e f i n i t e  yeslno s i tuat ion,  but i t  i s  evident tha t  the actual s i t ua t i on  
i s  less decisive. The mask perhaps produces a more accurate "picture" of 
what i s  "actual ly"  i n  the ground t r u t h  inventory. 
2.2.3 PROFILE COMPARISCN 
Another method of comparing the mask and the ground t r u t h  i s  p l o t t i n g  
by segient the computed A V I  mean values f o r  the mask and the ground t r u t h  
f o r  a1 1 acquisit ions for a year versus time. 
Segment 1755, Jerauld County, South Dakota, s t a t i s t i c a l l y  had one of 
the lowest proport ions o f  mask/ground t r u t h  agreement, and segment 1003, 
Adas County, Colorado, had one o f  the highest proportions o f  mask/ground 
t r u t h  agreement. The range mask and range ground t r u t h  AVIs f o r  both 
segnents show l i t t l e  di f ference i n  t h e i r  respective p ro f i l es  o r  values 
(see Figures 4 and 5). This i s  t rue  o f  a1 1 segments and years. 
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3.0 SUMMARY 
Masking i s  a successful technique f o r  the  user in te res ted  i n  a 
quick-look procedure expandable t o  l a rge  areas and s u f f i c i e n t l y  accurate 
for most operat ive requirements. This i s  a simple i n t e r a c t i v e  technique. 
The acqu is i t i on  used f o r  masking i s  c r i t i c a l  as the  area t o  be masked must 
be spec t ra l l y  separable from the  other areas. The types and causes of 
e r ro rs  are consistent among segments when analyzing la rge  amounts o f  data. 
The A V I  vs. t ime p r o f i l e s  canparisons i l l u s t r a t e  t h a t  the e r ro rs  encoun- 
tered are not a hinderance t o  the u t i l  i t y  o f  the  masking technique. 
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